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METHOD OF ALLOCATING RADIO
RESOURCES IN MULTI-CARRIER SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 13/857,026, filed on Apr. 4, 2013, now U.S.
Pat. No. 9,215,052, which 1s a continuation of U.S. patent
application Ser. No. 11/671,960, filed on Feb. 6, 2007, now
U.S. Pat. No. 8,467,728, which claims the benefit of earlier
filing date and right to priority to Korean Patent Application
No. 10-2006-0011296, filed on Feb. 6, 2006, the contents of
which are all hereby incorporated by reference herein in
their entirety.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a method of allocating
radio resources in a multi-carrier system, and more particu-
larly, to a method of transmitting a signaling message from
a user equipment communicating with a multi-carrier sys-
tem. Although the present mvention is suitable for a wide
scope of applications, 1t 1s particularly suitable for an OFDM
communication system, a DFI-S-OFDM communication
system, an OFDMA communication system or a commuini-
cation system of transmitting data carried by a plurality of
subcarriers to maintain orthogonality between a plurality of
the subcarners.

Discussion of the Related Art

Generally, OFDM, DFT-S-OFDM (DFT spreading
OFDM) and OFDMA systems are used as communication
methods 1n multi-carnier systems, which 1s explained as
follows.

In the following description, OFDM (orthogonal 1re-
quency division multiplexing) 1s explained. A basic principle
of OFDM lies 1mn dividing a high-rate data stream into a
number of slow-rate data streams and transmitting the
slow-rate data streams simultaneously using a plurality of
carriers. In this case, each of a plurality of the carriers 1s
called a subcarrier. Since orthogonality exists between a
plurality of the carriers of OFDM, even 1if frequency com-
ponents of the carriers are mutually overlapped, they can be
detected by a receiving end. The high-rate data stream 1s
converted to a plurality of slow-rate data streams by a
serial-to-parallel converter, a plurality of the parallel-con-
verted data streams are multiplied by subcarriers, respec-
tively, the multiplied data streams are summed up together,
and the corresponding sum 1s then transmitted to the receiv-
ing terminal.

A plurality of the parallel-converted data streams can be
transmitted as a plurality of subcarriers by IDFT (Inverse
Discrete Fourier Transform). And, the IDFT can be etl-
ciently implemented using IFFT (Inverse Fast Fourier Trans-
form).

As a symbol duration of a subcarrier having a low data
rate 1ncreases, relative signal dispersion occurring by multi-
path delay spreading decreases. And, 1t 1s able to reduce
inter-symbol interference by inserting a guard interval,
which 1s longer than delay spreading of channel, between
OFDM symbols. Moreover, a portion of an OFDM signal 1s
copied and placed at a start portion of symbols in a guard
interval. If so, OFDM symbols are cyclically extends to be
protected.

DFT-S-OFDM according to a related art 1s explained as
follows.
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2

First of all, the DFT-S-OFDM 1s called SC-FDMA (Single
Carrier-FDMA) as well. The SC-FDMA 1s the scheme

mainly applicable to uplink. In the SC-FDMA, a spreading
scheme 1s first applied 1n a frequency domain by DFT matrix
before generating an OFDM signal, the corresponding result
1s modulated by the OFDM scheme, and the modulated
result 1s then transmuitted.

FIG. 1 shows a configuration of a transmitting end accord-
ing to DFT-S-OFDM. To explain operations of the related art
device, several variables are defined. ‘N’ indicates a number
of subcarriers carrying OFDM signal, ‘Nb’ indicates a
number ol subcarriers for a random user, ‘F’ indicates
Discrete Fourier Transform matrix, 1.e., DFT matrix, ‘s’
indicates a data symbol vector, ‘x’ indicates a spread vector
in frequency domain, and ‘y’” indicates a transmitted OFDM
symbol vector in time domain.

In SC-FDMA, data symbol (s) 1s spread using DFT matrix

betore being transmitted. This 1s represented as Formula 1.

X=Fnp NS [Formula 1]

In Formula 1, F, . 1s an N -sized DF1 matrix used to
spread data symbol (s). Subcarrier mapping 1s performed on
the spread vector (x) by a predetermined subcarrier assign-
ing scheme and a signal to be transmitted to a receiving end
1s obtained from transforming the corresponding result into
a time domain by IDFT module. A signal transmitted to the
receiving end 1s represented as Formula 2.

y=Fra X [Formula 2]

In Formula 2, F,. . ' is an N-sized DFT matrix used to
convert a frequency-domain signal to a time-domain signal.
A cyclic prefix 1s iserted 1n a signal ‘y’ generated by the
above method to be transmitted. And, a method of generat-
ing a transmission signal and transmitting the signal to a
transmitting terminal in the above manner 1s called SC-
FDMA. And, 1t 1s able to control a size of DFT matrix in
various ways for specific purposes. For istance, if the size
of the DFT matrix 1s equal to the number of points of IDFT,
it 1s able to reduce PAPR 1n a transmitting terminal.

OFDMA (Orthogonal Frequency Division Multiple
Access) according to a related art 1s explained as follows.

First of all, OFDMA 1s a multiple access method for
implementing a multiple access 1 a modulating system
using a plurality of orthogonal subcarriers 1n a manner of
providing each user with available subcarniers. In the
OFDMA, frequency resources called subcarriers are pro-
vided to a plurality of users, respectively. In general, the
frequency resources are mdependently provided to a plural-
ity of the users, respectively not to be overlapped with each
other.

A control signal transmitting method in LTE (Long Term
Evolution) system 1s explained as follows.

First of all, unlike the uplink of the conventional CDMA
communication system, an uplink of the LTE system uses an
access method using a plurality of subcarriers having
orthogonality.

In case of a system supporting a circuit type service, if
there exists data to be transmitted to the LTE system, a user
equipment (UE) makes a request for a call setup to a Node
B. If the call setup 1s achieved by the Node B, the user
equipment keeps transmitting the data. Even 11 there exists
no data to be transmitted 1n this system, the call keeps being
maintained. After the call maintained status has passed by,
the call 1s disconnected. For this reason, in case of a service
that mainly uses packet type data, system efliciency gets
degraded.
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S0, 1n case of a system that mainly provides a packet data
service, the service 1s provided using a shared channel
shared by all user equipments to enhance system etliciency.
In particular, in an orthogonal frequency division access
system that transmits packets via the shared channel,
orthogonality between data channels transmitted in uplink
should be maintained. Through this, transmission efliciency
of the system can be raised.

Explained in the following description 1s a method of
transmitting data via the shared channel.

A general scheduled transmission mode 1s explained.

First of all, a Node B performs scheduling and designates
a UE to transmit data according to a result of the scheduling.
According to the scheduling result, the Node B exclusively
allocates resources 1n frequency and time domains to be
used by the user equipment and then informs the user
equipment of the allocated resources. So, 1t 1s able to
previously prevent collisions between a plurality of user
equipments 1 data transmission. In other words, uplink
resources managed by the Node B are shared by a plurality
of the user equipments. The scheduling for allocating the
uplink shared channel to a plurality of the user equipments
under the supervision of the Node B so that the correspond-
ing user equipment transmits data to the Node B. This
transmission mode 1s defined as a scheduled transmission
mode.

The scheduled transmission mode 1s also characterized in
that a scheme for maintaining synchronization between user
equipments transmitting data 1n uplink should be used. In
particular, 1n order to maintain orthogonality between sig-
nals transmitted from a plurality of user equipments in
uplink, signals transmitted from a plurality of the user
equipments should be received by the Node B at the same
time with error ranging within a cyclic prefix of OFDM.

For this, the Node B should adjust a transmission timing,
point of each of the user equipments by calculating time
information for the signal of each of the user equipments and
setting the timing point ahead or behind.

A contention based transmission mode 1s explained as
follows.

First of all, the contention based transmission mode 1s
preferably used for a case that the Node B 1s unable to
designate a user equipment by performing the scheduling 1n
advance or a case that a user equipment should make a
transmission arbitrarily without a permission of base station
to minimize the time delay attributed to the scheduling.

There should be a clear discrimination between the con-
tention based transmission mode and the scheduled trans-
mission mode 1n a time or frequency domain.

FIGS. 2A to FIG. 2C show methods of discriminating the
contention based transmission mode and the scheduled
transmission mode from each other. FIG. 2A shows a
method of discrimination in a time domain. FIG. 2B shows
a method of discrimination 1n a frequency domain. And,
FIG. 2C shows a discriminating method by combination
between the time domain discrimination and the frequency
domain discrimination.

Consequently, resources transmitted by the scheduled
transmission mode or the contention based transmission
mode are discriminated based on a specific time domain, a
specific frequency domain, or a combination of the specific
time and frequency domains.

For a specific frequency-time domain to which the con-
tention based transmission mode 1s applied, a plurality of the
user equipments are iree to transmit specific data. Yet, since
resource scheduling of the Node B 1s not carried out in the
frequency-time domain, 1t may happen that a plurality of
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4

user equipments may use the same resource at the same
time. If a plurality of the user equipments use the same
resource simultaneously, the Node B has a problem in
recovering all information received from a plurality of the
user equipments. In this case, the Node B 1s able to recover
the information transmitted from the user equipment corre-
sponding to a signal having a biggest reception power.

The Node B transmits a acknowledgement signal to the
user equipment having transmitted a message detected by
the Node B. In this case, the UE failing to receive the
acknowledgement (ACK) may attempt a message transmis-
s10n again via the frequency-time domain for performing the
contention based transmission after a specific time has
passed by. In particular, a basic operation of the contention
based transmission 1s carried out 1n a manner ol sending a
signal to the Node B, waiting for the ACK, and attempting
a retransmission 1n case of failing to receive the AC.

A representative example of the contention based trans-
mission 1s the data transmission using RACH (Random
Access Channel). The transmission system via the RACH 1s
explained as follows.

First of all, a user equipment (UE) obtains timing infor-
mation of downlink and receives system information trans-
mitted via downlink. In this case, the system information 1s
broadcasted 1n general. The user equipment obtains infor-
mation for a time interval and frequency domain available
for a contention based transmission via the broadcasted
signal. Yet, the Node B 1s unable to know the presence of the
user equipment. So, the user equipment applies a specific
code to a specific sequence called a preamble and then
transmits the preamble to the Node B to mnform of the
presence of the corresponding user equipment.

Subsequently, the Node B detects the preamble and then
transmits ACK (acknowledgement) to the user equipment
using a speciiic code assigned to the code applied to the
preamble.

Through the above process, the data transmission via
RACH 1s executed. The preamble may include other infor-
mations (e.g., resource allocation request, UE ID, etc.)
except the preamble sequence including the specific code.
Moreover, 1t 1s able to transmit the preamble and the
information for temporary UE ID) or the like via the RACH.

Yet, the above-explained preamble transmission via the
RACH has a danger of data collision as well as a danger
attributed to the contention. The data collision according to
the data transmission via the RACH 1s explained as follows.

First of all, 1if a plurality of user equipments attempt
accesses to a Node B using the same preamble code at the
same time, the collision may take place. The Node B 1s
capable of detecting an access attempt transmitted from one
ol a plurality of the user equipments only and transmitting
ACK (acknowledgement) 1n response to the access attempt.
Yet, in viewpoint of the user equipment, the corresponding
user equipment regards the ACK as transmitted to itself,
whereby the collision takes place. So, a collision detection
process for preventing the collision should be executed 1n a
physical or upper layer.

In the contention based transmission mode, a transmission
may be basically carried out while reception synchromization
occurs between a plurality of user equipments. And, 1t 1s also
possible to assume the other case that the synchronized
transmission does not occur. In particular, 1n case that a
signal transmitted in a contention based transmission mode
1s a signal transmitted via RACH, the synchronization
between the user equipment and the Node B 1s not com-
pleted yet. So, since a transmission timing point of the user
equipment 1s calculated from a downlink frame time, 1t 1s
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unable to guarantee the synchromization when the Node
receives the signal. Yet, after an iitial transmission on
RACH, 1t can be assumed that the reception synchronization
between the user equipments 1s completed 1n a contention
based transmission mode used after the beginning of a
timing control for each of the user equipments.

In the conventional W-CDMA or CDMA system, an
orthogonal code channel dedicated to a signaling message
necessary to be transmitted to a Node B from a user
equipment exists. If a traflic channel 1s not established yet
since a traflic does not exist between a user equipment and
a Node B for a considerable time, a diflerent transmission
channel should be used to send an urgent or normal signaling
message to the Node B from the user equipment instead of
using in-band type signaling via the trathic channel. So, there
exists a dedicated orthogonal channel exists to be used for
this purpose. A representative example of this kind of
signaling message 1s a request message. In particular, the
request message 1s needed to notily the Node B that a traflic
channel needs to be urgently scheduled since a size of
transmitting bufler of the user equipment exceeds a specific
level under the circumstance that there exist data to be

transmitted by the user equipment.

As mentioned in the foregoing description, the uplink
transmission modes of the LTE include the scheduled trans-
mission mode and the contention based transmission mode.
Due to the characteristics of the orthogonal multiplexing
transmission, 1t 1s diflicult to assign a dedicated channel to
transmit a signaling message for user equipments in idle
mode. In particular, 11 a dedicated channel for a transmission
of a signaling message 1s assigned to all user equipments 1n
idle mode, uplink resources are excessively wasted.

SUMMARY OF THE INVENTION

Accordingly, the present invention 1s directed to a method
of allocating radio resources in a multi-carrier system that
substantially obviates one or more problems due to limita-
tions and disadvantages of the related art.

An object of the present mnvention 1s to provide a method
of allocating radio resources 1n a multi-carrier system, by
which a signaling message can be efhiciently transmitted
according to necessity of a user equipment.

Additional advantages, objects, and features of the mnven-
tion will be set forth 1 part 1n the description which follows
and 1n part will become apparent to those having ordinary
skill 1n the art upon examination of the following or may be
learned from practice of the mvention. The objectives and
other advantages of the invention may be realized and
attained by the structure particularly pointed out in the
written description and claims hereof as well as the
appended drawings.

To achieve these objects and other advantages and in
accordance with the purpose of the mvention, as embodied
and broadly described herein, 1n a user equipment of a
mobile communication system transceiving data using a
plurality of subcarriers, a method of exchanging a signaling
message 1n a multi-carrier system according to the present
invention icludes the steps of 11 the signaling message to be
transmitted 1s generated in the user equipment, generating a
preamble sequence according to a user equipment 1dentifier
to 1dentily the user equipment, transmitting a preamble
signal including the preamble sequence and the signaling
message to a base station, and receiving an acknowledge-
ment signal for the preamble signal generated according to
the user equipment 1dentifier.
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In another aspect of the present invention, mn a user
equipment of a mobile communication system transceiving
data using a plurality of subcarriers, a method of exchanging
a signaling message 1 a multi-carrier system includes the
steps of 1 the signaling message to be transmitted 1s gen-
crated 1n the user equipment, generating a preamble
sequence according to a user equipment identifier to identily
the user equipment, transmitting a preamble signal including
the preamble sequence to a base station, receiving an
acknowledgement signal for the preamble signal generated
according to the user equipment identifier, and transmitting
the signaling message according to a result of a detection for
the user equipment of the acknowledgement signal.

In another aspect of the present mvention, 1 a user
equipment of a mobile communication system transceiving
data using a plurality of subcarriers, a method of exchanging
a signaling message in a multi-carrier system includes the
steps of transmitting information for a presence or non-
presence ol the signaling message to be transmitted by the
user equipment to a base station via a specific first physical
channel, receiving a response message including resource
allocation information for a transmission of the signaling
message, and transmitting the signaling message according
to the resource allocation imnformation.

In another aspect of the present invention, 1n a mobile
communication system transceiving data with at least one
user equipment using a plurality of subcarriers, a method of
exchanging a signaling message in a multi-carrier system
includes the steps of receiving a preamble signal including
a preamble sequence generated according to a user equip-
ment 1dentifier 1dentifying the user equipment and the sig-
naling message, obtaining the user equipment 1dentifier of
the received preamble signal, generating an acknowledge-
ment signal according to the obtained user equipment 1den-
tifier to include response information for the signaling
message, and transmitting the acknowledgement signal to
the user equipment.

In another aspect of the present mvention, in a mobile
communication system transceiving data with at least one
user equipment using a plurality of subcarriers, a method of
exchanging a signaling message in a multi-carrier system
includes the steps of receiving a preamble signal including
a preamble sequence generated according to a user equip-
ment 1dentifier identifying the user equipment, obtaining the
user equipment 1dentifier of the recerved preamble signal,
generating an acknowledgement signal according to the
obtained user equipment 1dentifier to mnclude control nfor-
mation for the signaling message transmitted by the user
equipment, and transmitting the acknowledgement signal to
the user equipment.

In a further aspect of the present invention, 1n a mobile
communication system transceiving data with at least one
user equipment using a plurality of subcarriers, a method of
exchanging a signaling message in a multi-carrier system
includes the steps of receiving information for a presence or
non-presence ol the signaling message to be transmitted by
the user equipment via a specific first physical channel,
transmitting a response message including resource alloca-
tion information for a transmission of the signaling message
to the user equipment, and receiving the signaling message
transmitted according to the resource allocation information.

It 1s to be understood that both the foregoing general
description and the following detailed description of the
present mvention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.
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BRIEF DESCRIPTION OF THE

DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated 1n and constitute a part of this application, 1llustrate
embodiment(s) of the mnvention and together with the
description serve to explain the principle of the invention. In
the drawings:

FIG. 1 1s a block diagram to explain a method of dis-
criminating a contention based transmission mode and a
scheduled transmission mode from each other;

FIGS. 2A to FIG. 2C are diagrams for methods of
discriminating a contention based transmission mode and a
scheduled transmission mode; and

FIGS. 3A to 3C are flowcharts of a method of transmitting,
a signaling message according to one embodiment of the
present mvention.

DETAILED DESCRIPTION OF TH.
INVENTION

L1l

Reference will now be made in detail to the preferred
embodiments of the present invention, examples of which
are 1llustrated in the accompanying drawings. Wherever
possible, the same reference numbers will be used through-
out the drawings to refer to the same or like parts.

One Embodiment of the Present Invention

The present invention transmits data using a plurality of
subcarriers. In particular, data 1s transmitted using subcar-
riers maintaining orthogonality among a plurality of the
subcarriers. So, the present mvention can be executed by
such a communication system as OFDM, OFDMA, SC-
FDMA and the like.

The present invention proposes a method of transmitting,
a control message, 1.e., a message about signaling. One
embodiment of the present invention enables two kinds of
signaling transmission methods.

A first method 1s to transmit the signaling message by
improving the related art contention based transmission.
And, a second method 1s to transmit the signaling message
by improving the related art scheduled transmission.

First Embodiment

A method of transmitting a signaling message by improv-
ing the related art contention based transmission 1s explained
as follows.

A first embodiment of the present invention relates to a
communication method 1 a state that a specific traflic
channel 1s established and a state that a specific UE 1dentifier
(ID) 1s given to a user equipment, not 1n a state that an access
to a Node B 1s attempted 1n an early stage of communica-
tions.

The UE identifier 1s an identifier used to identity the
corresponding user equipment. The UE 1dentifier can be
used 1n a manner of being discriminated 1nto a temporary UE
identifier and a regular UE idenftifier. Namely, the UE
identifier includes the temporary UE idenftifier and the
regular UE 1dentifier.

The temporary UE 1dentifier 1s an identifier temporarily
used 1n an early stage of communications. Yet, the regular
UE 1identifier can be an identifier capable of discriminating,
a specific user equipment from the rest of user equipments
clearly.
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The first embodiment of the present invention relates to a
communication method 1n a state that the regular UE 1den-
tifier 1s given. Since the regular UE 1dentifier 1s the infor-
mation for discriminating a specific user equipment from the
rest of user equipments, various kinds of information can be
used as the UE identifier.

For stance, a series of identification number given to a
user equipment itself such as ESN (electronic serial number)
can become the UE identifier. For another instance, an
identification number given by one Node B can be used as
the UFE 1identifier. In this case, different UE 1dentifiers are
given to a plurality of user equipments located within a
coverage ol one Node B, respectively.

In case of using an 1dentification number given by a Node
B as the UE identifier, the UE identifier can be updated 11 a
handover takes place between Node Bs. In particular, a Node
B newly mitiating communications 1s able to give a new UE
identifier.

For another instance, an identification number given by a
Node B group including a plurality of Node Bs can be used
as the UE 1dentifier. In particular, an identification number
grven by a plurality of Node Bs controller by a specific RNC
(radio network controller) can be used as the UE 1dentifier.
In this case, a new UE i1dentifier can be given 1n case that a
handover takes place between the radio network controllers.

In the first embodiment of the present invention, a user
equipment generates a preamble sequence according to the
UE identifier. In particular, a user equipment attempting to
transmit a random signaling message for specific necessity
generates a preamble sequence according to the UE 1dent-
fier given to the corresponding user equipment.

The UE i1dentifier 1s an identifier clearly identifying a
specific user equipment from another user equipment. So,
the user equipment generates the preamble sequence accord-
ing to the UE i1dentifier given to 1tself and then transmits the
generated preamble sequence to the Node B. If receiving
ACK (acknowledgement) from the Node B, the user equip-
ment 1s able to know whether the ACK 1s for the preamble
transmitted by the user equipment 1tself.

Hence, 1t 1s advantageous in that the possibility of the
collision between the user equipments for the Node B 1s
removed.

In case of transmitting a preamble to a Node B using a UE
identifier according to the first embodiment of the present
invention, a user equipment 1s able to transmit a signaling
message by one of two schemes.

In the first scheme, the user equipment transmits both of
the preamble and the signaling message. In particular, the
user equipment, which needs to transmit the signaling mes-
sage 1I necessary, transmits both of the preamble and the
signaling message. For instance, the preamble can be
included 1n a first OFDM symbol of a specific OFDM
subiframe. The signaling message can be included 1n an
OFDM symbol behind the first OFDM symbol and 1s then
transmitted. In this case, the Node B acquires a UE 1dentifier
(ID) for the user equipment through the preamble and 1s able
to receive the signaling message transmitted together with
the preamble. Namely, the signaling message 1s transmitted
from the Node B without scheduling. And, the signaling
message 1s transmitted regardless of a presence or non-
presence ol a reception of an ACK signal from the Node B.

In the second scheme, after having transmitted the pre-
amble, the user equipment receives scheduling information
transmitted together with an ACK message for the preamble
and then transmits the signaling message according to the
received scheduling information. In particular, the user
equipment attempting to transmit the signaling message
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generates a preamble sequence according to the given UE

identifier and then transmits the generated preamble

sequence to the Node B. Meanwhile, the Node B receives
the preamble and then transmits the ACK signal for the
received preamble. As the Node B 1s able to acquire the UE
identifier through the preamble, information for a specific
UE 1dentifier 1s included in the ACK signal. And, the Node
B 1s able to transmit allocation information for frequency-
time resources for the signaling message together with the
ACK signal. Namely, the Node B 1s able to know that the
user equipment attempts to transmit a specific signaling
message 1 a manner of receiving the preamble. So, by the
scheduled transmission, the Node B 1s able to allocate the
uplink frequency-time resources for the signaling message
and transmit the allocation information to the user equip-
ment together with the ACK signal.

In case of transmitting the signaling message by the
method according to the first embodiment of the present
invention, 1t 1s advantageous that the data collision problem
can be solved.

Second Embodiment

Explained in the following description 1s a method of
transmitting a signaling message by improving the related
art scheduled transmission.

Although the method according to the first embodiment of
the present mvention 1s advantageous in solving the data
collision problem, 1t causes the following problems.

First of all, in case that there exist a plurality of user
equipments attempting transmissions using the same uplink
resource, the collision between a plurality of the user equip-
ments 1s mevitable. In case the collision takes place, a Node
B 1s able to detect the user equipment having a biggest
reception power only among a plurality of the user equip-
ments. The Node B transmits ACK (acknowledgement)
corresponding to a UE identifier assigned to a preamble
transmitted from the detected user equipment. Meanwhile,
the user equipments wait for the ACK signal from the Node
B. If failing to detect the ACK, the waiting user equipment
decides that collision has taken place. Having decided that
the collision has taken place, the user equipment regenerates
a preamble sequence and then transmits the regenerated
preamble sequence. Since the first embodiment improves to
use the contention based transmission, 1t 1s unable to guar-
antee a fixed time delay to all user equipments. In particular,
a user equipment in a bad communication environment or an
unlucky user equipment shall have no chance to transmait the
signaling message. In worst case of scenario, an overtlow
may occur in a bufler of the corresponding user equipment.

So, the present invention proposes a second embodiment
to 1mprove the first embodiment.

The second embodiment of the present invention proposes
a method that a user equipment notifies that there currently
exists a signaling message to be sent via a specific physical
channel. In particular, the second embodiment 1s able to use
a method of notitying that there currently exists a signaling
message to be sent 1n a manner of adding an n-bit signal field
to a specific physical layer channel to be continuously
transmitted to a Node B from a user equipment. Alterna-
tively, the second embodiment of the present invention 1s
able to use a method of notifying that there currently exists
a signaling message to be sent using a characteristic of a
specific physical layer channel.

As mentioned 1n the foregoing description, in the second
embodiment of the present invention, an n-bit signal filed 1s

added to a specific physical channel. No limitation 1s put on
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a type of the specific physical channel. In particular, the
physical channel 1s maintained regardless of a presence or
non-presence of traflic if a call setup 1s carried out. Uplink
CQICH (channel quality indicator channel) can be used as
an example of the physical channel. The Uplink CQICH 1s
a channel periodically transmitted in uplink on a physical
layer 11 there exists no data transmitted 1n downlink for the
scheduling of a downlink shared channel of Node B.

Namely, 1t 1s able to notify the presence of signaling to be
transmitted by the user equipment 1n a manner of setting an
additional signal field 1in the CQICH and using the signal
field.

A detailed example 1s explained as follows.

First of all, a s1ze of the n-bit 1s not limited. Yet, a smaller
s1ize 1s advantageous 1n using radio resources elliciently.
Preferably, by setting ‘n’ to 1, a 1-bit additional signal field
1s used. In particular, using a flag, it 1s able to notily the
presence of a signaling message a user equipment attempts
to transmut.

If there exists a signaling message to be transmitted, the
user equipment set up the tlag according to a preset agree-
ment. Namely, a presence or non-presence ol the signaling
message to be transmitted by the user equipment 1s deter-
mined according to a value of the flag. So, the user equip-
ment transmits the flag signal via a specific physical channel.
If so, the Node B confirms whether the signaling message to
be transmitted by the user equipment exists or not via the
flag. The Node B carries out the corresponding scheduling.
The Node B then transmits a result of the scheduling to the
user equipment 1n a manner of having a specific UE 1den-
tifier included 1n the result.

In the second embodiment, 1t 1s able to notify the presence
of the signaling to be transmitted by the user equipment
using the characteristics of the specific physical channel.

If the specific physical channel 1s a channel to which
modulation according to a non-coherent detection 1s applied,
a polarity of a signal transmitted on the specific physical
channel will be constant. In this case, even 1f an overall
polarity 1s collectively changed, a normal detection 1n a
receiving end 1s possible since the polarity of the original
signal 1s fixed.

So, 1n the present embodiment, according to a presence or
non-presence of the signaling message to be transmitted, the
polarity of the signal transmitted on the specific physical
channel 1s changed and the signal 1s then transmaitted. For
instance, 1f the signaling message exists, a signal having a
negative polarity can be transmitted. If the signaling mes-
sage does not exist, a signal having a positive polarity can
be transmaitted.

In case of the Uplink CQICH, the modulation according
to the non-coherent detection 1s applicable to the Uplink
CQICH. It 1s able to notity a presence or non-presence of
signaling 1n a manner of changing the polarity. In particular,
by obtaining a polarity of a signal recerved on the specific
physical channel, the Node B knows the presence or non-
presence ol the signaling message the UE attempts to
transmiut.

If the signaling message exists, the Node B performs
scheduling to allocate uplink radio resources for the signal-
ing message. The user equipment then transmits the signal-
ing message through the allocated resources.

The second embodiment of the present invention 1s more
advantageous than the first embodiment 1n that the presence
of the signaling message to be transmitted by the user
equipment 1tself can be quickly notified to the Node B 1n a
manner of using a physical layer bit of 1-bit level only or
changing the signal polarity.
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Details of the first and second embodiments applied to the
request message transmission are explained as follows.

First of all, 1n the signaling messages transmitted 1n uplink
to Node B from a user equipment 1in an 1dle mode according
to the first or second embodiment of the present invention,
a most important message 1s the request message. In case
that the user equipment has data to be transmitted in uplink,
the request message 1s a message to make a request for a
radio resource allocation for the data to be transmitted. And,
the request message contains a bufler status of the user
equipment, a margin for a transmission power currently
transmitted by the user equipment, a type of a service to be
transmitted by the user equipment, etc. The Node B then
allocates resources for the packet data transmission in uplink
to the user equipment.

A method of transmitting a signaling message according
to one preferred embodiment of the present mvention 1s
explained with reference to FIGS. 3A to 3C as follows.

FIGS. 3A to 3C are flowcharts of a method of transmitting
a signaling message according to one embodiment of the
present mvention.

Referring to FIG. 3A, a user equipment transmits a
preamble according to the first embodiment, recerves sched-
uling information transmitted together with an ACK mes-
sage for the preamble, and then transmits a signaling mes-
sage according to the received scheduling information.

In particular, a user equipment 1s 1n a state that a UE 1D
(user equipment 1dentifier) 1s given to the user equipment
and 1n an 1dle mode that data 1s not currently transmitted. If
data to be transmitted by the user equipment 1s generated,
the data to be transmitted needs to be stored in a butler of the
user equipment (S301). In this case, the user equipment
generates a preamble sequence based on its UE ID according
to the contention based transmission method and then trans-
mits the generated preamble sequence to a Node B (5302).

A mobile communication system including the Node B
receives the preamble and then understands that the pre-
amble 1s received from a specific user equipment (S303).
Namely, the mobile communication system detects a signa-
ture due to the UE ID.

Once the preamble 1s recogmzed, An ACK signal for the
preamble 1s transmitted (S304). In the ACK signal, infor-
mation for the UE ID i1s included. So, the danger of data
collision can be eliminated. And, resource allocation infor-
mation for a random request channel 1s transmitted together
with the ACK signal. The request channel 1s established to
deliver a signaling message that will be sent to the user
equipment. In particular, the user equipment transmits the
signaling message via the request channel. So, the resource
allocation information for the request channel 1s transmitted
together with the ACK signal.

The user equipment receives the ACK signal and the
resource allocation information for the request channel
(S305).

The user equipment attempts a transmission of the sig-
naling message via the request channel using the resource
allocation information (S306). In the example shown 1n FIG.
3 A, the signaling message 1s the aforesaid request message.

The request message may include bufler status informa-
tion 1ndicating a status of a bufler of the user equipment.
And, the request message may include power headroom
information indicating a relation between a maximum trans-
mission power of the user equipment and a current trans-
mission power. The mobile communication system 1s able to
estimate a distance between the user equipment and the
Node B and decide a data transmission rate applicable to the
user equipment. The request message may include service
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type information indicating a type of the data the user
equipment attempts to transmit. In this case, the service type
information may include information for whether the data to
be transmitted needs a real-time transmission, etc.

The mobile communication system receives the signaling
message, 1.€. the request message and then performs sched-
uling for the data to be transmitted according to the request
message (S307).

A result of the scheduling according to the signaling
message, 1.e., the request message can be transmitted via a
random control channel (s308). The result of the scheduling
relates to information for radio resources allocated for the
data to be transmitted. And, the data to be transmitted 1s
transmitted on an uplink shared channel. The result of the
scheduling transmitted according to the scheduling step
S307 includes UE ID information to identily the user
equipment within the shared channel. And, the result of the
scheduling includes information for the resource allocation
to the shared channel.

According to the result of the scheduling, the user equip-
ment transmits the data to the mobile communication system
(S309).

Referring to FIG. 3B, the user equipment transmits the
signaling message together with the preamble according to
the first embodiment of the present invention.

In particular, the UE ID has given to the user equipment
and the user equipment 1s 1n an 1dle mode.

If data to be transmitted by the user equipment 1s gener-
ated, the data to be transmitted needs to be stored 1n a buller
of the user equipment (S321). In this case, the user equip-
ment generates a preamble sequence based on 1ts UE 1D
according to the contention based transmission method and
then transmits the generated preamble sequence to a Node B
(S322).

A signaling message making a request for channel assign-
ment for the data to be transmitted 1s transmitted together
with the preamble. The signaling message may include
bufler status information indicating a status of a butler of the
user equipment. And, the signaling message may include
power headroom information indicating a relation between
a maximum transmission power of the user equipment and
a current transmission power. The mobile communication
system 1s able to estimate a distance between the user
equipment and the Node B and decide a data transmission
rate applicable to the user equipment. The signaling message
may include service type information indicating a type of the
data the user equipment attempts to transmit. In this case, the
service type 1nformation may include information for
whether the data to be transmitted needs a real-time trans-
mission, etc.

The mobile communication system receives the signaling
message and the preamble and detects that the signal 1s
received from the user equipment (5323). And, the mobile
communication system performs scheduling for the data to
be transmitted according to the signaling message. Accord-
ing to a result of the scheduling, an ACK signal for the
preamble and resource allocation information according to
the result of the scheduling are transmitted (S324). The ACK
signal includes information for the UE ID to prevent the data
collision problem. The result of the scheduling relates to
information for radio resources allocated for the data to be
transmitted. And, the data to be transmitted 1s transmitted on
an uplink shared channel. The result of the scheduling
includes UE ID information to identify the user equipment
within the shared channel. And, the result of the scheduling
includes information for the resource allocation to the uplink
shared channel.
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The user equipment receives the ACK message and the
resource allocation information according to the step S324
to recognize that the message 1s for the user equipment 1tself.

According to the result of the scheduling, the user equip-
ment transmits the data to the mobile communication system
(S326).

Referring to FIG. 3C, a process for informing a mobile
communication system including a Node B that there exists
a request message to be transmaitted using a 1-bit level signal
added to the CQICH and allocating uplink resources for a
transmission of the request message 1s explained.

In particular, 11 data to be transmitted by a user equipment
1s generated, the data to be transmitted needs to be stored 1n
a butfler of the user equipment (S341). In this case, the user
equipment transmits 1-bit additional nformation wvia
CQICH (S342). The additional 1-bit indicates a presence or
non-presence of a signaling message the user equipment
attempts to transmiut.

The mobile communication system including the Node B
detects the 1-bit additional information transmitted on
CQICH (S343). If 1t 1s detected via the 1-bit additional
information that there exists the signaling message the user
equipment attempts to transmit, the mobile communication
system allocates resources via a random request channel.
Namely, the mobile communication system orders the user
equipment to transmit the signaling message on the request
channel.

The mobile communication system transmits resource
allocation information on the request channel for a trans-
mission of the signaling message (S344). The resource
allocation information preferably contains a UE ID. This 1s
because the user equipment needs to be identified 11 the
resource allocation information 1s transmitted on a shared
channel.

The user equipment attempts the transmission of the
signaling message via the request channel using the resource
allocation information (5345). In the example shown 1n FIG.
3C, the signaling message 1s the atoresaid request message.

The request message may include bufler status informa-
tion indicating a status of a buller of the user equipment.
And, the request message may include power headroom
information indicating a relation between a maximum trans-
mission power of the user equipment and a current trans-
mission power. The request message may include service
type information indicating a type of the data the user
equipment attempts to transmit.

The mobile communication system receives the signaling
message, 1.¢. the request message and then performs sched-
uling for the data to be transmitted according to the request
message (S346).

A result of the scheduling according to the signaling
message, 1.e., the request message can be transmitted via a
random control channel (S347). The result of the scheduling,
relates to information for radio resources allocated for the
data to be transmitted. And, the data to be transmitted 1s
transmitted on an uplink shared channel. The result of the
scheduling includes UE ID information to identily the user
equipment within the shared channel. And, the result of the
scheduling includes mnformation for the resource allocation
to the shared channel.

According to the result of the scheduling, the user equip-
ment transmits the data to the mobile communication system
(S348).

Accordingly, the present invention provides the following
cllects or advantages.

First of all, the present mnvention proposes a method of
transmitting a signaling message efliciently in case that a
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user equipment, which 1s in an idle mode 1n uplink of a
system transmitting data using a plurality of subcarriers,
transmits an urgent or normal signaling message. Hence, 1
a contention based mode 1s enhanced by the method accord-
ing to the present invention, 1t 1s able to lower a probability
ol data collision.

Secondly, 1f a scheduled mode 1s enhanced by the method
according to the present invention, 1t 1s able to guarantee that
a signaling message can be transmitted to user equipments
within a prescribed time delay.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the present
invention without departing from the spirit or scope of the
inventions. Thus, it 1s intended that the present invention
covers the modifications and varnations of this invention
provided they come within the scope of the appended claims
and their equivalents.

What 1s claimed 1s:

1. A method of providing bufler status mformation by a
user equipment 1 an orthogonal frequency division multi-
plexing (OFDM)-based mobile communication system,
wherein the user equipment 1s 1n a state that data transmis-
s1ion from the user equipment 1s performed based on sched-
uling from a base station, the method comprising:

storing, by the user equipment, data i a builer;

transmitting, by the user equipment, a signal ol one

bit-level information to the base station periodically via
a physical uplink channel that 1s not a random access
channel, while there 1s no traflic channel resource from
the user equipment to the base station, wherein the
signal 1s for informing presence of a request for an
uplink channel resource used to communicate the bui-
fer status information to the base station;

recerving, by the user equipment, first resource allocation

information for a first uplink channel from the base
station aiter transmitting the signal; and

transmitting, by the user equipment, the bufller status

information to the base station through the first uplink
channel using the first resource allocation information.

2. The method of claim 1, further comprising:

receiving, by the user equipment, second resource allo-

cation information for a second uplink channel from the
base station after transmitting the buller status infor-
mation.

3. The method of claim 2, wherein the first and second
resource allocation information are recerved using an iden-
tifier of the user equipment.

4. The method of claim 1, whereimn power headroom
information 1s transmitted to the base station along with the
bufler status information.

5. The method of claim 1, wherein the signal of one
bit-level information 1s transmitted to the base station peri-
odically via the physical uplink channel 1n a dedicated
mannet.

6. A method of obtaining bufler status information of a
user equipment at a base station in an orthogonal frequency
division multiplexing (OFDM)-based mobile communica-
tion system, wherein the user equipment 1s 1n a state that data
transmission from the user equipment 1s performed based on
scheduling from the base station, the method comprising:

recerving, by the base station, a signal of one bit-level

information from the user equipment periodically via a
physical uplink channel that 1s not a random access
channel, while there 1s no trathc channel resource from
the user equipment to the base station, wherein the
signal 1s for informing presence of a request for an




US 10,462,787 B2

15

uplink channel resource used to communicate the bui-
fer status information to the base station;

transmitting, by the base station, first resource allocation
information for a first uplink channel to the user
equipment after receiving the signal; and

receiving, by the base station, the bufler status informa-

tion from the user equipment through the first uplink
channel using the first resource allocation 1information.

7. The method of claim 6, turther comprising;:

transmitting, by the base station, second resource alloca-

tion information for a second uplink channel to the user
equipment after receiving the bufler status information.

8. The method of claim 7, wherein the first and second
resource allocation information are transmitted using an
identifier of the user equipment.

9. The method of claim 6, wherein power headroom
information 1s recerved from the user equipment along with
the bufler status information.

10. The method of claim 6, wherein the signal of one
bit-level information 1s received from the user equipment
periodically via the physical uplink channel 1n a dedicated
manner.
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